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HEPEMIINEHHSA B HEBAI'OMOCTI HOTUPUJIAHKOBOI'O
MASATHHUKA 3 PYXOMOIO TOYKOIO KPIIIVIEHHSA

3amonscbkmii JILJL., K. T.H.

Ykpainucokuu nayko8o-00Caionuti incmumym yugiibHo20 3aXUcmy
(m. Kuis, Ykpaina),

Apamescepka I. 1O., x.T.H.,

Illemixosa I. b., x.T.H.

Hayionanvnuii mexniunuu ynieepcumem "XI11"

(m. Xapkis, Ykpaina)

Locnioocena 2eomempuuna  MoOenb  pOKpUMMA 8  YMOBAX
HeBA2OMOCMI  YOMUPUTIAHKOBO20  MAAMHUKA 3  PYXOMOK — MOYKOI
KpinneHnus. Pozeopmanus nanox Ha yAaeHilu niowuHi 6i00y8aemucs 3a805KU
BNJIUBY IMNYNbCIE NIPOMEXHIYHUX PEaKMUBHUX O8UCYHIE HA KIHYe8l MOUKU
JIGHOK MASMHUKA. 3a0a4a Noaseac y GU8UeHHi N0BOOMNCEHHS MASIMHUKOBUX
cucmem y Hegacomocmi. Mexaniuny inmepnpemayito mym MONCHA
nog’sazamu 3 KOCMIYHOIO MEeMAmuKkow - KOJIU MPAHCHOPMYBAHHS
elleMenmie  CMepIHCHe80l  KOHCMPYKYIL  NOPIGHAMU 3  KOJUBAHHAM
0a2amonanKk08020 MAAMHUKA SIK CUCMEMOI 3MIHI08aHOI KoHgicypayii. |
63a2all, NePeBadCHA KLIbKICMb KOCMIYHUX anapamié 3a C80€H0 MEXAHIYHO
cymmio €  NpPOCMOpPOB0  PO3GUHEHUMU  MEXAHIYHUMU  CUcmemamu
3MIHI08AHOT KOHI2ypayii 011 pobomu 8 KOCMOCI 8 yM08ax ONULKUX OO0
HeB8a2oMOCHI.

Ha  axmyanvnicme  obpanoi memu  6Kkazye  HeoOXIOHiCMb
O00CTIOMNCEHHS MOMCIUBOL CXeMU Npoyecy pO3KpUmms y He8acoMOCmi
CMepIICHe80I KOHCMPYKYIL MAAMHUKOBO20 MUNY 3 PYXOMOK MOYKOI
kpinaenHns. Ilpu yvomy pywismu npoyecy cai0 obpamu IMHYIbCHI
NIPOMEXHIUHI peaKmueHi 08USYHU, CMAHOBIEHI HA KIHYe8UX MOYKAX JIAHOK
cmepoicHesoi koHcmpykyii. Bonu nabacamo necwi i dewteuli NOPiGHAHO,
Hanpukiao, 3 el1eKmpoosUSyHamu a0 NPYHCUHHUMU NPUCTPOSIMU.

Onuc OuHaAMIKU 00epHCaAH020 IHEPYIIHO20 PO3KPUMMS GUKOHAHO 3d
donomoeoro pieusanHa Jlacpansca oOpyeoeo poody. Pezynbmamu MOXMCHA
gUKOpucmamu npu NPOeKmy6aHHi CUCmeM po3Kpumms OpOIimaIbHUx
KOHCMPYKYIU 8 YMOBAX He8A20MOCHII, HANPUKIAO, CeKYlll CUNOBUX KAPKACIE
KOCMIYHUX IHhpacmpykmyp.

Knouosi  cnosa:  uomupunankosuil — MasmHux,  NIPOMEXHIUHI
PeaKmusHi  08USYHU, Npoyec pOKPUMMmMI 8 HeB8A2OMOCMI, DIGHAHHS
Jlaepanoica 0py2020 pooy
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Ilocmanoeka npooénemu. KepyBaHHS PO3KPUTTIM CTEPKHEBUX
KOHCTPYKIIIH y HEBAaroMOCTI € CKJIaJHOI HayKOBO-TEXHIYHOIO 33]a4er0
MEXaHIKH, sIKa He MAa€ aHaJIoriB y Ha3eMHii TexHimi [1,3,4]. [Ipu peanizamii
OyIb-IKOi CXEMH PO3KPUTTS KOHCTPYKII Yy HEBAaroMoCTI BUHHUKAE
npobsiemMa BUOOPY TEXHIYHUX MPUCTPOIB JJIs 3aIMyCKy (aKTUBAILIlii) TIPOIIECY
PO3KPUTTA.  AJIbTEpHATUBY  TPAAMIIMHUM  PYIISIM  PO3KPHUTTA
(emexTpogBuryHam abo TPYKHUM €IEeMEHTaM) MOXYTh CKIJIaCTH
MiPOTEXHIYH1 IMITyJIbCHI PEaKTUBHI ABUTYHH THIy THiponaTpoHiB. o
nepeBar UX MPHUCTPOIB CIiA BIAHECTH Mally Bary 1 JCIIEBH3HY, a TaKOX
MOJKJIMBICTh 3amycKy ix [ii nucraHiiiiHo (6e3 ApOTiB) 3a JOMOMOTOIO
pamiocurHaliB a00 PeHTIeHIBCHKOTO BUIPpOMiHIOBaHHS [2]. B maniit pobori
PO3MJISTHYTO BapiaHT BCTAHOBJICHHS MIPONATPOHIB Ha KIHIEBUX TOYKaxX
JIAHOK CTEP)KHEBOI KOHCTPYKIIIi.

Ananiz ocmannix 0ocnioxycenv i nyonikayiu. J1Jis KOHCTPYKINT y
BUIJIAMI 0araToJaHKOBOI CTEP)KHEBOI CHUCTEMH JOCHIKYBATH MEXaHIKY
MPOIIECY PO3KPHUTTS JIOIIJILHO Ha OCHOBI BapialifiHOro MPHUHIMITY
nuHaMiku Jlarpamxa [3,4]. Jlns po3paxyHKiB TeOMETpUYHOT (PopMH
NOCHIIOBHUX (a3  PO3KPUTTI  «MASTHUKOIMOJIOHMX»  CTEPKHEBUX
KOHCTPYKI[IH CJiJi BUKOPUCTATH JOCHIUKEHHS Y Taly3l JAUHAMIKU
0araToJIaHKOBUX MAaATHHKIB. B pe3ynbrari BHHHKAa€ MHUTAHHS MPO
aJanTyBaHHS IO HEBAaroMOCTI TMpoOIeCy KOJMBAaHHS OaraToJIaHKOBHX
MasATHUKIB. MOJIMBI CUCTEMH PO3KPUTTS KOHCTPYKIM y HEBaroMocri
HaBeleHI y orsaai jitepatypu poOit [5-9]. Ame y Bimomux pobOoTax
BIICYTHsI 1H(pOpMaIlisl PO 1HEPUIMHUN CIIOCIO PO3KPUTTS 0araToJIaHKOBUX
CTEP>KHEBUX KOHCTPYKIIH 32 TOMOMOIOI0 MIPOTEXHIYHUX MPUCTPOIB.

Mema oocniorycens. Po3pobut reOMETPUUHY MOJENb PO3KPUTTS B
yMOBaX HEBAaromMoCTi YOTHPHUJIAHKOBOI CTEPXKHEBOI KOHCTPYKIIii, MOa10HOT
YOTUPUIAHKOBOMY MAasTHUKY 3 pPYXOMOIO TOYKOK mijaBicy. Jlus
IHILIIOBAaHHS PYyXy KOHCTPYKI[i BHUKOPUCTATH IMITYJIbCHI MIPOTEXHIYHI
pEaKTUBHI IBUTYHHU, BCTAHOBJICHI Ha KIHIIEBUX TOYKaX JJAHOK KOHCTPYKIII.

Ocnosna uwacmuna. J{ns omnmcy TeEpeMINIEHHS YOTUPUIAHKOBOT
CTEpPKHEBOI KOHCTPYKIII1 3 PyXOMOIO TOUKOIO KPIiTJIEHHS OYJI0 CKJIaJeHO Ta
pPO3B’sI3aHO CUCTEeMY PiBHSHBL Jlarpanxa apyroro poxay [9-9]. 3a ymoBu
BIJICYTHOCTI ~ AUCUIATUBHUX CHUJ 1 3 BpaxyBaHHSIM «HYJbOBOI»
MOTEHI[1AIbHOI €HePrii ONMUC PO3KPUTTS CTEPKHEBOI KOHCTPYKIIT Ha ySIBHIN
IUIOLMHI BUKOHAHO HAa OCHOBI JiarpawxiaHa. Onuc pyxy 4OTHPUIAHKOBOI
CTEpXHEBOi KOHCTPYKIIi OJEPKUMO y BHIJISAI CHCTEMH 3 IIIECTH
nudepeHiaTbHuX piBHAHB Jlarpania apyroro poay BiIHOCHO (DYHKIIIH
X(t), y(t), ug(t), ux(t), us(t) i us(t), sKi BU3HAYAIOTH KYTH BiIXUJICHHS JIAHOK.
BpaxoByroun o0uncieH! KOOpAWHATH BY3JIB CTEP’KHEBOI KOHCTPYKINIT SK
¢yHKIii B yaci, moOyayeMo KaJpu KOMII'IOTEPHOI aHIMaIli mpoiecy
pO3KpUTTA. B pe3ynbTaTi CHOCTEPEKEHHS 3a MPOLECOM PO3KPHUTTA
o0upaeMo HEOOXITHHI (32 TEBHUMHU KpPHUTEPISIMH) MOMEHT uyacy t=t
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3YIMIUHKK PO3KPUTTS Ta BHU3Ha4aeMo mnapamerpu ctom-koay Ustop={X(to),
Y(to), Ui(to), Ux(to), Us(ty), Us(to)}. Y Bu3HAueHHWil 3a JOMOMOIOIO
KOMIT'FOTEpHOT1 aHiMamii dYac 1, mpolec pO3KPUTTS 3YIMUHSETHCS 3a
JIOTIOMOTOFO CTICIIaIbHUX MTPUCTPOIB.

[TouaTkoBe MOJOXEHHS MHOXXHHH JIAHOK CTEP)KHEBOi KOHCTPYKIIii
cymictumo 3 Biccto Oy, TOMy BEKTOp 3HAa4€Hb MOYATKOBOTO TOJIOKCHHSI
PYXOMOi TOYKM KpIIUIGHHA Ta MOYATKOBUX KYyTIB BIIXWJIEHb MaTHMeE
koopaunatu U={0, 0, 0, 0, 0, 0}. Jlami y TecToBuX mpHuKIagax obepeMo
JIOBKMHU JIAHOK CTEp>KHEBOI KOHCTpyKii L={2, 2, 2, 2} 1 3Ha4eHb Mac
BaHTaxiB (Oamacty Ta mapuipiB): m={1, 1, 1, 1, 1}. 3HaueHHs BCiX
napaMeTpiB B YMOBHUX BEIMYMHAX.

Hexaif moyaTkoBi MIBUAKOCTI, HAAHUX TOYIIl 3MIIICHHSIM Ta KyTaM
Bigxmwienb: U'={ 0, 0, 0, 10, O, -10}. Ha puc. 1 HaBeZicHO TpaekTOpii pyxy
BY3JIOBUX TOYOK CTEP>KHEBOI KOHCTPYKIi, MOOYIOBaHUX 3a JOMOMOIOIO
ckiagenoi maple mporpamu. Kaapu komm'roTepHoi aHiMallii JTOIOMOTIIN
oOpatu MOMeHTH dacy, Ha pwmc. 2 3o00paxkeHi yTBopeHi Qirypu
KOHCTPYKIIiii B MOMeHTH vacy: a - t=0.78; 6 - 1=0.95; 6 - t=1.25; 2 - t=2.35.

Puc. 1. [ToyaTkoBe MOJIOKEHHS YOTUPUIIAHKOBOTO MasiTHUKA
1 TpAa€eKTOPIi PyXy BY3JIOBUX TOUOK

a o 8 2
Puc. 2. Kondirypanii KOHCTpYKI[ii B MOMEHTH 4acy:

a-1=0.78; 6 - 1=0.95; ¢ - t=1.25; 2 - t=2.35.

Ha pwc. 3 HaBemeHO TPUKIAAM MOXKJIMBUX  CTEP)KHEBHX
KOHCTPYKIIIH, CKJIaJICHUX 3 €JIEMEHTIB puc. 2.



90

Puc. 3. [Ipukiaan MOKIUBUX CTEP)KHEBUX KOHCTPYKIIIH,
CKJIQJICHUX 3 €JIEMEHTIB puc. 4.

Bucnoeku. Po3pobnena reomeTpuyHa MOJIEib PO3KPUTTS B YMOBAax
HEBAroMOCT1 CTEpP)KHEBOI KOHCTPYKIlI 3 PYXOMOIO TOYKOKO TIiJBICY.
[HiIFOBaTH pyX KOHCTPYKLII MepeadayeHo 3a JOMOMOrOI0 IMITYJbCHUX
NIPOTEXHIYHUX JIBUTYHIB, BCTAHOBJIEHUX HA KIHIEBUX TOYKAX JAHOK.
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HEPEMEHNIEHUE B HEBECOMOCTH YETBIPEX3BEHHOI'O
MASITHUKA C IOJBUKHOM TOUKOM KPEILJIEHUA

3anonbsckuit JI.JI., Agamesckas N.1O., Illenuxosa I.b.

Hccnedosana ceomempuueckas mooeib pACKpbIMUs 8 YCIOBUSX
He8ecoMOCmU  4emvlPex36eHHO20 MASIMHUKA € NOOBUNCHOU  MOYKOU
Kpennenusi. Paseepmoviganue 38eHbed HaA 6000pANCAEMOU  NIOCKOCHU
npoucxooum 61a200aps 8030€lUCmMBU0  UMNYIbCO8 NUPOMEXHUUECKUX
PeaKkmusHulx 0suecameiell Ha KOHeYHble MOYKU 36eHbe8 MAAMHUKA. 3adaua
3aKMIOYAemMCcsT 8  UBVHEHUU NOBeOeHUsl  MASMHUKOBbIX — CUCEM 8
Hegecomocmu. Mexanuueckyro uHmepnpemayuro 30ecb MOICHO C813amb C
KOCMUYECKOU — meMamuxkou - Koz20a mpaucopmayuu  1emMeHmos
CMEPIHCHeBOU KOHCMPYKYUU CPABHUMb C KOJeDaHueMm MHO2036€HHO20
MAAMHUKA KAK CUCeMOll u3meHsemol Kougueypayuu. W 6oobwe,
nooasuswujee  KOIUYeCmeo  KOCMUYECKUX — annapamos Hno  ceoeu
MEXAHUYeCKoU  cymu  A6IAIMCA  NPOCMPAHCMBEHHO  PA38UMbIMU
MEXAHUYECKUMU CUCTNeMaMu UMEeHAeMOU KoHgueypayuu ons pabomvl 6
KocMoce 6 YClo8usx Onuskux K Hesecomocmu [l]. AxmyanvHocms
8bIOPAHHOU MeMbl YKa3bleaem HeoOX00UMOCMb UCCIe008AHUS 803MONHCHOU
cxembl npoyecca packpvlmusi 8 He8eCOMOCMU CIMEPICHEBOL KOHCMPYKYUU
MAsAMHUKOBO20 MUNA C NOOBUNCHOU MOUKOU Kpennenus. Ilpu smom
oguzamensamu npoyecca ciedyem eblopams UMNYIbCHblE NUPOMEXHUYECKUe
peakmusHvle 0gueamenu, YCMAaHOGIeHHble HA KOHEUHbIX MOUYKAX 38eHbes
cmepoicHesol koncmpykyuu. OHu 20pa30o necue u oeutesie no CPAGHEHUIO,
Hanpumep, ¢ 1eKmpoOsUcAMensaMu Uiy NPYICUHHLIMU YCIPOUCMBAMU.

Onucanue OUHaAMUKU NOJYYEHHO20 UHEPYUOHHO20 DPACKPLIMUSL
BLINOJIHEHO C  NOMOWbIO  ypagHeHus Jlaepamdica emopozo  pooa.
Pe3ynomamsi  MOJHCHO  UCnONB308aMb  NPU  NPOEKMUPOBAHUU  CUCTHEM
packpvlmusi  OpOUMANIbHLIX KOHCMPYKYULL 6 YCIOBUAX HEBeCOMOCHU,
Hanpumep, ceKyutl CULOBbIX KAPKACO8 KOCMUUECKUX UHGpACMPYKmMYp.

Knrouesvie cnoea: uemvipex3@eHHAss MASMHUK, NUPOMEXHUUECKUe
peakmusHvle 0suecament, NPoyecc PAcKpolmus 8 HeecoOMOCMU, YPAGHEHUs]
Jlazpanosica mopozo pooa.
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MOVEMENT IN THE WEIGHTLESSNESS OF A FOUR-
TERMINAL PENDULUM WITH A MOBILE MOUNTING POINT

Zapolskiy L., Adashevkay I., Shelihova I.

The investigated geometrical model of the method of formation
(opening) under conditions of weightlessness of the rod structure, the
elements of which are connected like a four-link pendulum with a movable
fixing point. Disclosure on the conditional plane is due to the influence of
pulses of pyrotechnic jet engines on the end points of the structural
elements. Description of the dynamics of the inertial opening of the
structure is obtained using the Lagrange equation of the second kind. The
results are intended for use in the design of systems for unfolding
structures under conditions of weightlessness, for example, sections of
power frames of space infrastructures.The investigated geometrical model
of the method of formation (opening) under conditions of weightlessness of
the rod structure, the elements of which are connected like a four-link
pendulum with a movable fixing point. Disclosure on the conditional plane
is due to the influence of pulses of pyrotechnic jet engines on the end points
of the structural elements. Description of the dynamics of the inertial
opening of the structure is obtained using the Lagrange equation of the
second kind. The results are intended for use in the design of systems for
unfolding structures under conditions of weightlessness, for example,
sections of power frames of space infrastructures. The investigated
geometrical model of the method of formation (opening) under conditions
of weightlessness of the rod structure, the elements of which are connected
like a four-link pendulum with a movable fixing point. Disclosure on the
conditional plane is due to the influence of pulses of pyrotechnic jet
engines on the end points of the structural elements. Description of the
dynamics of the inertial opening of the structure is obtained using the
Lagrange equation of the second kind. The results are intended for use in
the design of systems for unfolding structures under conditions of
weightlessness, for example, sections of power frames of space
infrastructures. Disclosure on the conditional plane is due to the influence
of pulses of pyrotechnic jet engines on the end points of the structural
elements. Description of the dynamics of the inertial opening of the
structure is obtained using the Lagrange equation of the second kind. The
results are intended for use in the design of systems for unfolding
structures under conditions of weightlessness, for example, sections of
power frames of space infrastructures.

Keywords: core construction, process of opening in space, four-link
rod construction, Lagrange equation of the second kind.



